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B’TRODUCTION 

In  the  past,  50  feet  above  the  csnopy  has  been  accepted  as  the  stand- - 
nd  altitude  for  sprayiiig  with  light  planes  over  forests.  Several  agencie 
^rtive  in  aerial  spraying  have  v/anted  to  increase  the  recomraended  flight 
■Ititude  in  order  to  decrease  the  danger  of  this  type  of  flying.  The 
loresu  Insect  Laboratory  at  Beltsville  was  requested  to  deterinine  in 
single  swath  tests  over  open  ground  ivhat  povssible  effects  an  increased 
flight  altitude  would  have  on  amount  and  distribution  of  spray  deposit. 
Because  of  the  ILiiited  area  available  here  for  sampling  deposit  the  alti- 
tude chosen  for  comparison  with  50  feet  vms  200  feet.  At  higher  altitudes 
the  spray  was  carried  off  the  sampling  area,  A fine  atomization  was  tried 
in  preliminary  tests  but,  here  too,  a considerable  amount  of  the  spray  was 
deposited  outside  the  sampling  area,  A medium  atomization,  150  microns 
mmd  (mass  median  diameter),  v\ras  used  on  all  flints.  It  was  considered 
necessary  to  investigate  the  effect  of  altitude  under  both  crossvdnd  and 
upvdnd  conditions.  The  experiment  was  set  up  so  that  comparisons  could 
be  made  among  the  following  four  groups: 

I,  upwind  flights  at  50  foot  altitude 
II,  crosswind  flights  at  50  foot  altitude 
III,  upwind  flights  at  200  foot  altitude 
IV,  crossvand  flights  at  200  foot  altitude 

PROCEDURE 

I.  AIRCRAFT,  SPRAY  APPARATUS  AND  OPERATIONAL  PROCEDURE 

Two  Stearman  biplanes  vrere  used  in  these  tests.  The  dispersal  appar- 
ratus  Tfas  a boom  located  8 to  9 inches  below  the  lovrer  wing  and  extending 
to  within  about  8 inches  of  each  wing  tip.  Either  11  or  12  nozzles,  with 
the  orifices  facing  forvrard,  v/ere  on  each  side  of  the  center  line  of  the 
boom.  About  60  per  cent  of  the  nozzles  were  placed  in  the  outboard  half 
of  the  boom.  The  nozzle  used  v/as  the  Spraying  Systems  Co,  35  or  A5  which 
has  an  orifice  diameter  of  1/8  inch  and  delivers  a hollow'  cone  spray 
pattern.  This  apparatus  delivered  a spray  of  medium  atomization  (150 
microns  mmd)  at  the  rate  of  20,8  - 22,5  gpm  (gallons  per  minute).  Pres- 
sure varied  from  20  to  27  psi  (pounds  per  square  inch).  Flights  in  50 
foot  tests  were  flovm  at  40  to  50  feet;  in  200  foot  tests  from  180  to  200 
feet.  Indicated  air  speeds  ranged  from  78  to  85  mph  (miles  per  hour). 
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SPRAY  FORMULATION 


The  stap-dard  solution  of  the  Beltsville  laboratory  is: 


DDT,  technical 
Sovacide  544-B 
Tracer  dye 

Fuel  oil  No,  2 to  make 


loO  pound 

1.0  quart 
0,32  ounce 

1.0  gallon 


This  formulation  was  used  in  the  1950  flights  included  in  this  study 
.dth  either  Dupont  Oil  Red  or  Sudan  Blue  as  the  tracer  dye.  In  1951  it 
-A^as  used  for  50  foot  altitude  flights  through  October  17  vdlth  Alizarine 
Irisol  dye  as  the  tracer.  After  that  date  the  follov/ing  reduced  DDT  for- 
mulation y/as  used  for  50  foot  flights: 


The  spray  used  for  all  high  altitude  flights  was  straight  Sovacide 
544-B  v/ith  0,8  ounce  of  Calco  Oil  Orange  dye  per  gallon  added  as  a tracer, 
ill  these  sprays  had  approxLmately  the  same  viscosity  and  density, 

^ III.  SmiPLIIIG 

The  experiment  consisted  of  a sample  of  30  flights  arranged  in  four 
groups  as  shov:n  in  Table  1,  In  each  flight  a sample  line  v;as  set  at  right 
•ingles  to  the  line  of  flight  with  stations  at  spaced  intervals  along  the 
line.  At  each  station  2 aluminum  plates  vrere  placed  horizontally  for  sany- 
pling  spray  deposit.  In  upi/ind  flights  the  area  of  the  2 plates  i/as  1/2 
square  foot;  in  crossv/ind  flights  it  was  2 square  feet.  In  Group  I the 
station  interval  y/as  5 feet,  in  Group  III  it  uas  10  feet;  in  Group  II  star- 
tion  intervals  varied  from  20  feet,  near  the  point  where  the  plane  passed 
over  the  line,  to  300  feet,  in  the  downwind  end  of  the  swath;  and  in  Group 
IV  the  stations  y/ere  either  100  or  3OO  feet  apart.  The  plates  were  exposed 
to  the  spray  for  a period  long  enough  to  allow  the  spray  to  settle  or  to 
be  moved  beyond  the  samplLng  line  by  the  wind,  (See  Sampling  Time  in 
■ Table  l), 

IV.  DEPOSIT  ANALYSIS 

The  deposit  pla.tes  i/ere  collected  and  spectrophotometer  readings  of 
the  dye  tracer  v;ere  made  in  the  laboratory,  giving  a gpa  (gallon  per  acre) 
reading  for  each  station.  In  order  to  determine  if  and  ho'w  much  dye  fading 
occurred,  the  total  gpa  for  the  sample  line  as  determined  from  chlorine 
analysis  for  DDT  content  va.s  compared  with  the  total  gpa  as  determined  by 
the  spectrophotometer  readings-x-.  The  resulting  ratio  v/as  verj^  near  one  in 

This  comparison  was  possible  only  vath  the  50  foot  flights,  as  no  DDT 
was  used  in  the  200  foot  flights. 


DDT,  technical 
Sovacide  544-B 
Alizarine  Irisol 
Fuel  oil  No,  2 to  ma.ke 


0,25  pound 
2,06  quarts 
0,32  ounce 
1,0  gallon 
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3cne  of  the  flights  but  in  others  it  xvas  quite  irregularn  Experimental 
error  was  held  as  much  responsible  for  the  irregularities  as  fading,  and 
yierefore  the  ratio  could  not  be  used  as  a test  of  the  reliability  of  the 
data..  However,  to  minLuize  the  possibility  of  fading,  most  of  the  tests 
.vero  made  at  sundown  and,  in  1951  ^ tvro  dyes  'were  used  that  v;ere  knovm  to 
. o fairly  light  fast, 

7 liETEOROLOGICAL  RECORDS 

The  experLmental  conditions  that  varied  froro  flight  to  flight  are 
presented  in  tabular  form  (Table  1),  The  meteorological  data  were  re- 
corded at  a weather  station  near  the  test  area,j  A 50  foot  hinged  pole 
to  support  instruraents  was  raised  at  the  station  before  each  flight. 
Continuous  readings  were  talcen  on  an  operation  recorder  of  the  wind  speed 
and,  to  within  11.25  degrees,  of  the  wind  direction.  The  instruments  for 
direction  and  speed  did  not  record  accurately  below  1 mph.  Wind  direc- 
tion, as  shown  in  Table  1,  is  given  relative  to  the  flight  line  and  is  a 
mean  talcen  over  the  first  5 minutes  following  flight  time.  For  example, 
looking  at  the  record  in  Table  1 for  Flight  1 of  Group  III,  3R  indicates 
that  the  mean  wind  direction  at  ground  level  v^as  3 degrees  to  the  pilot’s 
right.  It  should  be  remembered  that  the  direction  given  is  a mean  and 
that  actually  the  v/ind  varies  around  it.  In  this  particular  case,  the 
wind  varied  from  5 degrees  to  the  left  to  18  degrees  to  the  right  of  the 
flight  line.  The  component  of  this  vdnd  vector  at  right  angles  to  the 
line  of  flight  was  called  the  drift  component.  Temperature  was  measured 
by  remote  indicating  telethermobulbs.  The  stability  of  the  air,  or  tem- 
perature gradient,  was  expressed  by  subtracting  the  lov/  altitude  tempera- 
ture from  the  high,  A positive  nimlier  denotes  inversion,  a negative 
denotes  lapse,  and  0 indicates  that  the  temperature  was  the  same  at  both 
levels.  Relative  humidity  vias  determined  on  the  ground  b^r  a sling 
psychrometer , 

VI,  ASSELIBLY  OF  DATA 

Per  cent  recovery  (the  amount  of  spray  deposited  divided  by  the 
amount  of  spray  released)  \ias  determined  by  formula,  while  all  subsequent 
measurements  - maximum  deposits,  swath  xddth  and  uniformity  of  deposit  - 
were  made  from  deposit  curves,  A deposit  curve  or  profile  of  the  deposit 
distribution  vias  plotted  for  each  flight  with  the  gpa  reading  for  each 
station  on  the  vertical  scale  and  the  distance  of  the  station  from  the 
flight  line  on  the  horizontal  scale. 
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RESULTS 

aaiOUHT  OF  SPRAY  RECOIE-RED 


r cenU  rjcov'^r^  l3  c^ir.puted  by  the  loriaula-' 


R 


i'lTnere  = total  Gepo'-’-t  at  all  stations  3 a rpa 


I = distatice  I'SGveen  stations  in 


S = speed  oT  plane  in  mph 
R ~ flow  rate  Ea  gpm 

These  quantities  can  be  neasured  v;ith  only  limited  accuracy  and  as 
a result  the  expected  exper mental  error  for  recovery  is  +_  10  per  cent  or 
raore.  The  value  for  each  flight  and  the  mean  value  for  each  group  are 
given  in  Table  2,  It  is  evident  that  recovery  v;as  affected  more  by  un- 
controllable factors  that  varied  from  flight  to  flight  udthin  a group  than 
by  the  factors  that  varied  from  group  to  group.  An  analysis  of  variance 
of  this  data  was  made  (Table  3)  and  the  F test  of  significance  showed  that 
there  was  no  significant  difference  between  the  means  given  in  Table  2. 

The  data  indicate  that  under  conditions  similar  to  those  of  this  experi- 
m.ent  the  flight  altitude  can  be  increased  vdthout  decreasing  per  cent 
recovery. 

Table  2,  Per  cent  recovery 


Flight  : 

Group 

• 

Nuraber  ; 1, 

Up  50' 

: 2.  X 50»  ; 3. 

Up  200' 

: A.  X 200*  : 

1 

67 

70 

70 

81 

2 

54 

78 

69 

74 

3 

71 

44 

84 

79 

4 

85 

27 

76 

106 

5 

66 

74 

66 

72 

6 

90 

56 

58 

7 

57 

58 

8 

64 

86 

9 

61 

16 

65 

11 



iieai'i 

67 

77 

I' 


' SB  ? >•“ 

?*twsn<if-t 

^aS8l^  f 'i'-f 
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Table  3«  ivnalysis  of  variance  of  per  cent  recovery 


dc'urce 

: d.f.* 

: Sum  of  Squares 

; Mean  Square 

: F : Significance 

b..  -0 

29 

6504*40 

re. Ament 

3 

1314.44 

433ol5 

2.195  Not  sig. 

I'-'or 

26 

5139.96 

199.61 

de£,j-ees  of  freedom 
II.  DISTRIBUTION  OF  SPRAY  DEPOSIT 
A,  Maximum  deposit 

Maximam  deposit  for  each  flight  and  each  group  are  given  in  Table 
4»  An  analysis  of  variance  and  F test  applied  to  the  data  showed  that  the 
variance  due  to  differences  between  the  4 groups  was  significant.  The 
following  four  comparisons  were  then  made: 


Comparison 

LSB^^ 

Difference 
between  2 means 

Upidjid  at  50  and  at  200  feet 

0.14 

0.57 

Crossvlnd  at  50  and  at  200  feet 

0.15 

0,26 

50  feet,  X wind  and  upx^lnd 

0.12 

0.92 

200  feet,  X wind  and  upwind 

0.16 

0,61 

'--Least  significant  difference  at  the  ,05  probability  level. 


These  analyses  shov;  that: 

1,  Under  either  upvd_nd  or  crosswind  conditions  the  flights 
at  the  higher  altitude  had  a lovrer  maximum  deposit, 

2,  At  either  50  or  200  feet  flight  altitude  the  maximum  de- 
posit v/as  significantly  less  for  a crosswind  flight  than 
for  an  upvvind. 

Since  there  was  no  difference  in  recovery  bet’.veen  the  two  altitudes 
it  is  reasonable  to  assume  that  if  at  the  higher  altitude  less  spray  fell 
near  the  flight  line  in  a heavy  deposit,  more  was  deposited  in  the  tails 
of  the  swath  and  the  total  swath  was  increased.  This  is  investigated  in 
the  next  section, 

B,  Swath  vadth 

In  crosswind  flights  total  swath  width  (swath  v;idth  over  which 
a measurable  deposit  v;as  recovered)  and  swath  \iridths  at  minimum  deposit 
levels  of  from  ,01  to  0,10  gpa  were  measured  for  each  flight.  Group 
averages  are  shown  in  Table  5.  Within  these  deposit  levels  the  mean  swath 
width  for  the  200  foot  tests  ivas  greater  than  for  the  50  foot  tests,  Hovj- 
ever,  in  general,  the  differences  were  not  statistically  significant  be- 
cause of  the  extreme  variation  from  flight  to  fli^t  within  each  group. 
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Table  4.  : 

Maximuin  deposit 

in  gpa 

Fli.nh*:  : 

Group 

’ u ::be  r : 1 

Upvdnd  50'  : : 

2.  X vdnd  50'  : 3c 

Upwind  200'  i 

4.  X ;vind  200' 

1 

.96 

.42 

M 

.25 

2 

1.59 

.47 

..62 

.35 

3 

.86 

.18 

.99 

.19 

4 

3.60 

.15 

C.95 

.25 

5 

1.10 

.94 

.82 

.16 

6 

1.10 

.57 

.11 

7 

.74 

.06 

8 

1.50 

.16 

9 

.89 

10 

l.U 

11 

1.64 

Mean 

1.37 

.46 

.80 

.19 

In  upwind  flints  total  swath  vddth  and  si/ath  vddth  at  deposit  levels 
of  0,10  to  0,50  gpa  were  measured.  The  200  foot  flights  had  vdder  sv^aths 
at  all  levels,  and  the  difference  was  significant  at  deposit  levels  of 
0,20,  0.30  and  0.40  gpa. 

Flying  at  the  higher  altitude  in  either  crossT,d.nd  or  up^vind  reduced 
the  high  concentration  of  spray  under  the  plane  and  caused  wider  swaths 
at  loPfer  deposit  levels.  The  probable  reasons  for  these  differences  are 
discussed  under  section  E. 

Table  5.  Mean  swath  vddths  at  various  deposit  levels 

Minimum 

: 

Swath  width  in  feet 

deposit 

: 1.  Upvdnd  50'  \ 

: 2. 

, X wind  50'  : 3.  Upvdnd  200’ 

: 4.  X wind  200' 

gpa 

: : 

: 

; 

Total 

Swath 

391 

2318  629 

4725 

,01 

1592 

1603 

.02 

781 

1095 

>03 

— 

568 

876 

.04 

- 

443 

630 

.05 

• - 

350 

508 

.10 

178 

172  198 

228 

.20 

135 

170 

- 

.30 

113 

151 

.40 

87 

117 

~ 

,50 

63 

86 
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C,  .Mean  deposit  curves 

In  addition  to  coinputing  averages  of  swath  width  and  maximum 
■ ieposit,  mean  deposit  curves  \vere  dra\wi.  The  gpa  reading  at  a given 
istance  frorA  the  flight  3.ine  v/as  measured  on  the  deposit  curve  for  each 
light  and  these  readings  averaged.  This  was  done  for  various  distances 
uo  right  or  left  of  the  flight  line  and  the  mean  deposit  curve  was  ob- 
tained by  plotting  a mean  deposit  against  its  distance  from  the  flight 
line.  A comparison  of  the  resulting  curves  for  the  four  groups  showed: 

1,  In  crossvdnd  flights  the  typical  deposit  curve  is  a 
single  light  pealc  sketved  to  the  downvm.nd  side  of  the 
flight  line;  in  upvrind  flights  the  typical  curve  is  a 
bimodal  one  nearly  symmetrical  with  the  flight  line. 

Both  upviind  curves  were  skewed  slightly  to  the  left 

of  the  flight  line.  This  is  explained  by  the  fact  that 
in  both  groups  the  drift  component  (measured  at  50 
feet)  was  slightly  to  the  left.  For  the  200  foot 
flights  it  was  1.4  mph  and  in  the  50  foot  group  it  vras 
less  than  1 mph, 

2,  In  either  crosswind  or  upwind  flight  the  spraj’’  re- 
leased at  200  feet  v;as  deposited  over  a Tivider  area 
with  less  over  concentration  under  the  plane. 

This  information  merely  corroborates  that  obtained  by  measuring 
maximum  deposit  and  sv;ath  width, 

D,  Uniforriiity  of  deposit 

Deposit  resulting  from  a series  of  parallel  swaths  can  be  pre- 
dicted from  the  data  of  this  experiment  by  making  several  assumptions: 

1,  The  deposit  curve  is  the  same  from  sv/ath  to  swath  in 
spite  of  varying  conditions  such  as  terrain,  wind,  etc, 

2,  The  flight  3Juies  are  uniformly  132  feet  apart. 

The  multiple  sv/ath  distribution  is  a resultant  of  a succession 
of  cverlapping  single  swath  deposit  curves.  The  deposit  at  any  point 
is  contributed  to  by  several  sv;aths.  The  multiple  swath  deposit  curve 
can  be  calculated  from  the  single  svjath  deposit  curve  with  the  above 
assumptions.  These  multiple  swath  deposit  curves  v/ere  then  averaged  to 
give  a mean  multiple  sv;ath  deposit  curve  for  each  group.  By  ins'Aection 
of  these  mean  curves,  shown  in  Figure  1,  the  four  groups  may  be  ranked 
in  order  of  decreasing  uniformity  of  deposit: 

crosswind  -•  200  feet 
crosswind  - 50  feet 

upvjind  - 200  feet 
up\;ind  - 50  feet 


Mean  deposit  In  gallons  per  acre 


D,  Eleven  flights  - upwind  at  ^0  feet  altitude 
Mean  deposit  = 0,67  gpa  Standard  deviation  =0.30  gpa 


C,  Five  flights  - upwind  at  200  feet  altitude 

Mean  deposit  = 0.75  Standard  deviation  = O.lp  gpa 


B.  Six  flights  - crosswind  at  50  feet  altitude 
Mean  deposit  = O.58  gpa  Standard  deviation  = 0.10  gpa 


Feet  to  right  of  flight  line 


A.  Sight  flights  - crosswind  at  200  feet  altitude 
Mean  deposit  = 0.75  SPa  Standard  deviation  = O.O3  gpa 


FlrOire  1,  ”enn  ~ Itl'^le  S'-’ath  de’-osit  ourv#» 
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Uniforniity  of  deposit,  or  the  smoothness  of  the  curve,  was  ex- 
pressed quantitatively  by  finding  for  each  flight  the  standard  deviation 
of  the  multiple  sx/ath  deposits  from  their  mean.  An  analysis  of  variance 
.\nd  F test  of  signrjficance,  made  on  this  measurement  exactly  as  was  done 
ith  por  cent  recov'ery,  etc,  showed  a highly  significant  difference  be- 
v;een  the  standard  deviations  given  in  Figure  1,  It  is  found  that  the 
laost  uniform  distribution  of  deposit  is  obtained  by  flying  crosswind 
ra.ther  than  upwind,  and  at  200  feet  rather  than  50  feet, 

E,  The  effect  of  vd.nd  and  flight  altitude  on  spray  drift 

Higher  altitude  flying  results  in  a more  uniform  distribution 
because  the  spra3'-  in  falling  200  vertical  feet  drifts  farther  than  in 
falling  50  feet.  The  resulting  deposit  curve  from  multiple  sx/aths  at 
200  feet  is  a composite  of  a series  of  xiide,  flat  deposit  curves.  This 
curve  has  as  high  a mean  deposit  as  the  curve  for  flights  at  50  feet  x/ith 
less  deviation  from  the  mean. 

The  data  of  this  experiment  xjere  exaiixined  for  a relation  betxveen 
the  drift  component  of  the  xdnd,  flight  altitude  and  drift  of  the  spray, 
"Drift  of  the  spray"  xvas  arbitrarily  defined  as  the  distance  beyond  xvhich 
50  per  cent  of  the  deposit  xvas  carried.  This  information  is  given  for 
crosswaad  flights  in  Table  6 and  is  plotted  in  Figure  2,  Even  though 
the  number  of  flights  is  very  small  it  is  evident  that: 

1,  bdth  a given  altitude  drift  increases  as  xvind  speed  decreases  c. 

2,  With  a given  xdnd  speed  drift  increases  xdth  flight  altitude. 


Table  6,  The  relation  of  flight  altitude,  drift  of  spray  and  xdnd  drift 


50 » altitude 

200’  altitude 

Flight  . 

: Drift  : 

Drift 

Flight 

: Drift  : 

Drift 

Number 

: of  : comp,  of  xxrind 

Nxjmber 

: of  : 

comp,  of  xdnd 

: spray  : 

: spray  i 

: feet  : 

mph 

feet  : 

mph 

1 

210 

<1 

1 

700 

2 

210 

1.5 

2 

325 

- 

3 

260 

6,4 

3 

660 

1.3 

4 

620 

9.9 

4 

675 

3.3 

5 

125 

2,0 

5 

620 

2,1 

6 

200 

4.3 

6 

820 

4.0 

7 

1440 

7.9 

8 

800 

8.4 
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Figure  2.  The  relation  between  flight  altitude,  drift  of  spray, 
and  the  drift  com;'onent  of  the  wind. 


SUBiikRY 

This  experiment  was  conducted  over  open  ground,  vdth  a Stearraan  plane 
delivering  a sprs.y  of  3.50  microns  mass  median  diameter,  and  in  vdnds  nhose 
drift  component  varied  from  0 to  10  mph.  The  single  sv/ath  flights  were 
at  50  feet  and  200  feet  altitude,  Crossvdnd  and  upv.dnd  flights  v/ere  in- 
cluded at  each  altitude.  Per  cent  recovery,  maximum  deposit  and  swath 
vddths  at  various  deposit  levels  were  deterr^dned  from  the  single  svrath 
deposit  curves.  By  assuming  (1)  swaths  every  132  feet  and  (2)  no  change 
ii-;  deposit  curve  from  sv;ath  to  swath,  multiple  swath  curves  were  obtained 
from  which  uniformity  of  deoosit  was  determined.  It  should  be  noted  that 
the  nuraber  of  flights  in  this  experiment  is  very  small;  a total  sample  of 
30  fli^^ts  and  no  more  than  11  flights  for  any  one  group. 

These  measurements  gave  the  follov;ing  results,  applicable  to  both 
cross  wind  and  upland  flights: 


1,  There  i;as  no  noro  loss  of  spray  a.t  a 2C0  foot  altitude  than  at 
a 50  foot  altitude, 

2,  The  spray  drifted  further  at  200  foot  altitude,  resulting  in 

3,  A more  und'orm  spray  diatribution  at  200  foot  altitude  in  a 
multiple  swath  flight. 
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